Introduction
The Japanese morning glory (Ipomoea nil (L.) Roth. or Pharbitis nil (L.) Choisy) was first introduced into Japan from China as a medicinal herb more than 1000 years ago. Since its introduction, a large number of garden varieties have been raised, especially in the Edo era (ca 200 years ago), and maintained for ornamental purposes. Genetic studies of I. nil began in the early 20 th century on various morphological mutants (Imai, 1930a (Imai, , 1930b . Pleiotropic mutations are observed in several varieties of I. nil (Imai, 1930a (Imai, , 1930b , in which a mutation affects leaf morphology, flower type, and other morphological characters. In most leaf-shape mutations, the mutant forms are observable early in the cotyledons, which is useful in determining expected mutant phenotypes in the leaves and flowers. In the maplewillow (m w ) mutant, the cotyledons, leaves, and floral organs all display significant mutational changes.
Although a considerable number of I. nil genes have been identified, their morphological phenotypes have not been sufficiently studied. Previous genetic studies only included the gross morphology of the leaves and corollas (Imai, 1930a (Imai, , 1930b Miyake and Imai, 1927) . Physiological studies on flower induction were performed on strain Violet of I. nil, which is a typical short-day plant (Imamura, 1967) . Most studies on floral evocation and morphogenesis focused on the shoot apices. Nishino (1976) showed the gross morphology and early growth of the foliage leaf, bract, sepal, and petal of the terminal flower induced by a single dark of this strain; however, this study did not describe the morphology of the stamen and gynoecium. The morphology and development of I. nil have recently received attention with regard to various interesting mutant phenotypes (Cho et al., 2005; Iwasaki and Nitasaka, 2006; Suzuki et al., 2003) . Here we examined the precise forms and anatomical structure of the lateral organs, including the leaf, sepal, petal, stamen, and carpel of the syncarpous gynoecium in wild-type I. nil. The results of the present study provide a standard description of the morphology of I. nil and its various mutants.
The comparative morphology of lateral leaf-like 370 organs, or phyllomes, suggests that floral organs on the receptacle are leaf homologs (Gifford and Foster, 1989; Weberling, 1989 ). This classic concept was supported by the ABC model on the determination of floral-organ identity of flower development (Coen and Meyerowitz, 1991) . Homeotic mutants of the ABC genes suggested that a distinction between leaves and floral organs was derived from differences in their developmental events after inception (Pelaz et al., 2001 ). On the other hand, pleiotropic mutants can also account for the histological homology of lateral organs; that is, pleiotropic mutations may be caused by a defect in the same developmental processes among lateral organs. In a recent molecular genetic study on the feathered (fe) mutant of I. nil (Iwasaki and Nitasaka, 2006) , a single mutation in the fe gene resulted in a pleiotropic phenotype in which leaf and flower morphology was especially affected. In the m w mutant, a single gene mutation appears to affect every lateral organ. The defects found in lateral organs from the m w mutant may reveal homologous parts of the leaves and floral organs; therefore, in this study, we compared all lateral organs (leaves, sepals, petals, stamens, and carpels) of the m w mutant plant to those of the wild-type. Among the floral organs, the stamens and syncarpous gynoecia of the angiosperms are more complex. Thus, morphological and developmental similarities between leaves and these organs have rarely been investigated (Gifford and Foster, 1989) ; that is, the comparison of a leaf and carpel in a syncarpous gynoecium is particularly obscure. Additionally, this study resolves basic problems about the histological or developmental homology among all organs by studying pleiotropic mutants of lateral organs.
The m w gene is a recessive allele of the MAPLE gene that controls growth along the medial lateral axis of the lateral organs. The m w mutant demonstrates the strongest change in phenotype among MAPLE gene mutants. It results in very narrow leaves, an apopetalous corolla composed of five slender petals, and a sterile gynoecium (Imai, 1924 (Imai, , 1930a (Imai, , 1930b . The carpel fusion of the gynoecium was also defective in the m w mutant in our preliminary observations, and prior to this study, a basic morphological description of m w gynoecia was not available; therefore, we focused on the narrow lateral organs and abnormal organ fusion in the m w mutant. The present study reports detailed phenotypic and morphological information on the m w mutant. This information may shed light on the formation of the sympetalous corolla and syncarpous gynoecium in angiosperm flowers.
Materials and Methods

Plant materials
The Q0646 for the m w mutant and wild-type (Tokyo Kokei Standard, Q1065) strains used in this study were from the Kyushu University collection. These strains were numbered, managed and supplied by the Kyushu University as the Morning Glory Center of the National BioResource Project (NBRP) (NBRP Information Site, http:// www.nbrp.jp/report/reportProject.jsp?project=morningGlory, April 9, 2009). The Q0646 strain also includes the cawhite (ca), semi-contracted (sc; or contracted-weak, ct-w) , crumpled (cm is used here), and possibly other unknown mutations. Since single-gene mutants of m w gene had not been retained, the Q0646 strain was used as the best available strain in the NBRP collection for the present study. While the ca-white mutation causes a white corolla, it does not affect morphology; therefore, the ca-white gene effect was not considered in the context of this study. Because homozygous m w mutants are sterile, this mutation is maintained in heterozygous seeds. 
Cultivation and collection
Seeds were soaked in water at 23°C for 24 hr. The seeds were then placed on wet crystal sand for radicle elongation. Seedlings with normally developing radicles were then sown in Canadian Growing Mix 2 (Conrad Fafard, Inc., MA, USA) in small pots 1 day later. After the cotyledons had expanded, the seedlings were transplanted into containers filled with garden soil and placed outdoors on the campus of Chiba University, Matsudo, Japan, from late spring until early winter. The fifth to tenth mature leaves from the main axis and flowers were collected and fixed in FAA (formalin : acetic acid : 95% ethanol : water = 10 : 5 : 50 : 35) for analyses.
Measurement of organs
Maximum width and length of the leaf blade and length of the petiole were measured. The following parts were measured for the floral organs: maximum width and length of sepals, maximum width and length of corolla lobes, length of upper corolla tube (UCT) and lower corolla tube (LCT) fused with epipetalous stamens, length of anthers and filaments, length of gynoecium and length and diameter of the ovary. The corolla tube of a funnel-shaped sympetalous corolla can be divided into an UCT and LCT at the level of stamen insertion (Figs. 1F and 2A), as described by Nishino (1976) . Length was measured on the adaxial side of the organs.
Tissue clearing
Fixed leaves, sepals, and petals were hydrated through a graded series of ethanol-water 50% and 25% for 1 hr each. These organs, except for the petals, were decolorized in 5% NaOH for 2 days and rinsed in water. Next, all organs were cleared in a chloral hydrate : glycerol : water solution (20 : 2 : 5) for 2 days and observed in the paradermal view. Epidermal cells of the cleared organs were observed with Olympus-Nomarski differential interference equipment for transmitted light microscopy (Olympus BH2; Olympus Co., Tokyo, Japan). Cell size and shape were measured and recorded by a Nikon DS-L1 digital camera (Nikon Co., Tokyo, Japan). The cleared materials were also stained with safranin to study the vascular anatomy.
Histological analyses using paraffin and resin sections
For serial section analyses, fixed materials were dehydrated by the tertiary-butyl alcohol method and embedded in Tissue Prep paraffin (Fisher Scientific, Fair Lawn, NJ, USA). Serial trans-and longi-sections were cut at 10 μm using a rotary microtome (Model 820; American Optical Co., Buffalo, NY, USA) and stained with hematoxylin, safranin, and fast green. Some materials were dehydrated through a graded series of ethanol solutions (50%, 75%, 95%, and 100%) and embedded in Technovit 7100 resin (Heraeus Kulzer, Wehrheim, Germany). The resin-embedded materials were cut at 3 μm with a Leica RM2165 microtome (Leica Instruments, Heidelberg, Germany), and then stained with 0.5% toluidine blue in 50 mM sodium phosphate buffer (pH 7.0). Both the paraffin and resin sections were mounted with Entellan new (Merck, Darmstadt, Germany).
Results
Gross morphology and venation
Leaves: The wild-type has three-lobed leaves. Each lateral lobe has a major lateral vein that is branched at the lamina base (Fig. 1A) , and the midvein and lateral veins have branches. Trichomes occur on both sides of the leaf, and the average leaf size of each strain is shown in Table 1 . Average blade length and width and petiole length of the wild-type were 85.3 ± 10.1 mm, 88.2 ± 10.7 mm, and 63.6 ± 19.0 mm, respectively.
The Q0646 leaf shape and venation are similar to the wild-type (Fig. 1B) ; however, a basal part of the Q0646 leaf lobe overlaps the other, and the two major lateral veins branch away at wider angles from the midvein. More trichomes occur on the surfaces of the Q0646 leaf compared to the wild-type. The leaf of Q0646 is contracted, and the blade length and width are somewhat short and narrow (Table 1 ). The average petiole length of Q0646 was not significantly different from that of the wild-type (Table 1) .
In m w Q0646, the leaves are usually not lobed ( (Table 1) ; however, blade width is strikingly narrower and petiole length is shorter than in both the wild-type and Q0646 ( Cotyledons of m w Q0646 differ from those of the wildtype (data not shown); that is, the two cotyledon lobes are somewhat narrow, and the angle between lobes is wider. Q0646 cotyledons are similar to the wild-type in gross morphology. The average width of the petiole and midrib in the mutants is not different from the wild-type.
Sepals: The wild-type does not have lobed sepals (Fig. 1D ). Average sepal length and width in the wildtype were 26.9 ± 2.2 mm and 3.3 ± 0.2 mm, respectively (Table 1) . Trichomes occur on the abaxial side of the sepals. The calyx is synsepalous and has a very short calyx tube at the base of the flower that is observable in transections (cf. Fig. 6I , 6K, 6M, 6O).
In Q0646, sepal shape is similar to the wild-type, but the sepal is smaller (Table 1 ). The abaxial side of the Q0646 sepal has more and longer trichomes than the wild-type. A short calyx tube also occurs in Q0646 flowers, as in the wild-type.
The m w Q0646 sepal usually has entire margins, but sometimes has spine-like lobes (Fig. 1E ). The condition of the trichomes and the average sepal length are similar to Q0646 (Table 1) ; however, sepal width is conspicuously narrower than in the wild-type and Q0646 (Fig. 1D , 1E and Table 1) . A calyx tube is not formed in m w Q0646 (cf. Fig. 6L, 6N, 6P) , and the number of veins running lengthwise is fewer than in other strains (cf. Fig. 4G-I) .
Petals: The funnel-shaped sympetalous corolla of the wild-type is composed of five petals (Fig. 1F) . Average petal length and width were 60.4 ± 3.4 mm and 26.2 ± 1.9 mm, respectively ( Table 1 ). The average lengths of UCT and LCT in the corolla tube are shown in Table 1 . The LCT is composed of basal parts of the petals and stamens. A schematic diagram of corolla venation in the wild-type is illustrated in Figure 2A . The middle and lateral lamina are distinguishable in the UCT; that is, the middle lamina, or the midrib of the petal, is thicker than the lateral lamina. The conspicuous veins in the middle lamina run longitudinally and converge at the tip of the petal. The veins of the lateral lamina branch from the bundles are located at both edges of the middle lamina and reach around the margin running parallel to each other.
Corolla shape and petal length of Q0646 are similar anther length 2.9 ± 0.2 2.6 ± 0.1 2.5 ± 0.2 Pistil (n = 10) pistil length 34.7 ± 1.6 29.4 ± 2.2 11.1 ± 0.9 ovary height 1.7 ± 0.1 1.6 ± 0.1 1.6 ± 0.2 ovary diameter 1.7 ± 0.1 1.7 ± 0.1 1.9 ± 0.1 to the wild-type (Fig. 1G and Table 1 ). Venation in the corolla of Q0646 is also very similar to that of the wildtype ( Fig. 2A) .
The corolla form in m w Q0646 is markedly different from the wild-type and Q0646. The corolla is split into five petals, and the UCT is barely recognizable (Fig. 1H and Table 1 ). Organ fusion in the LCT is unaffected (Fig. 2B ), but it is shorter than that of the wild-type. The corolla lobes are serrate with fringes, like the petals of Dianthus (Fig. 1H) . Although petal length is normal, petal width is considerably narrower ( Table 1) . Venation of the LCT is normal; however, as shown in Figure 2B , the middle and lateral lamina of the corolla lobe are different from the wild-type and Q0646. The venation pattern (Fig. 2B) demonstrates that reduction of the corolla does not occur in the midrib, but in the lateral lamina.
Stamen: The stamen in the wild-type is epipetalous and has a basifixed anther (Fig. 1I) . The average lengths of the filament and anther are shown in Table 1 . Trichomes occur on the basal part of the filament.
There is no noticeable difference in stamen morphology and average size among Q0646, m w Q0646, and wild-type strains (Table 1) . Filament thickness and anther connective are also similar among the three strains; however, the thecae are frequently smaller in volume and are deformed in m w Q0646 (Fig. 1J ). There does not appear to be a defect in pollen production in the mature anthers of mutants.
Gynoecium and disc: The wild-type has a syncarpous gynoecium composed of three carpels. The stigma is three lobed and capitate with papillae (Fig. 1K) . A circular disc surrounds the base of the ovary (Fig. 1K) . Average gynoecium size is shown in Table 1 .
In Q0646, the morphology, size of the gynoecium, and the disc are similar to the wild-type (Table 1) . The disc of m w Q0646 is also normal (Fig. 1L) ; however, significant defects were observed in the gynoecium of the m w Q0646; that is, from the upper part of the ovary to the stigma, the gynoecium is separated into three carpels (Fig. 1L) . Consequently, carpel fusion of the ovary wall is only observable in the basal portion (Fig. 1L) . The m w Q0646 stigma is never capitate and the three styles are twisted (Fig. 1L) . Since the ovary locules are not completely closed at the top of the ovary, the ovules can be partly exposed. The m w Q0646 gynoecium is shorter than that of the wild-type and Q0646 (Table 1 ), but ovary size is similar to other strains. Furthermore, the thickness of each style in m w Q0646 is nearly the same as in the wild-type style composed of three carpels.
Epidermal analysis
Epidermal cells of the wild-type, Q0646, and m w Q0646 were observed and measured in leaves, sepals, and petals. Average cell length and width are indicated in Table 2 . No significant difference in the shape and size of leaves was observed between the wild-type and the mutants (Fig. 3A-D and Table 2 ). It appears that the anticlinal cell walls of the abaxial epidermis are more undulating than of the adaxial epidermis (Fig. 3A-D) .
In the sepals and petals, the epidermal cell size and shape were also similar among the three strains (Fig. 3E-L and Table 2 ). Undulating cell walls of the epidermis are less salient in sepals than in leaves and petals (Fig. 3A-D) . 
Anatomical morphology
Leaves: Two layers of palisade mesophyll were observed in the wild-type (Fig. 4A) . Conspicuous intercellular spaces are found in the spongy mesophyll compared to the palisade mesophyll. The abaxial side of the midrib and spongy tissue of the leaf lamina have laticifers, and there is an edge filled with collenchyma on the adaxial side of the midrib (Fig. 4D) .
Histology and epidermal and mesophyll cell size are basically the same among Q0646, m w Q0646, and wildtype strains (Fig. 4A-F) ; however, in the leaves of both mutants, the area of intercellular spaces is smaller than in the wild-type (Fig. 4A-F) . Moreover, the number of cell layers is greater in the spongy tissue of the mutants, resulting in slightly thicker leaf lamina (Fig. 4A-C) .
Sepals: Vascular bundles are located on the central or adaxial side of the lamina, where intercellular spaces exist (Fig. 4G) . The laticifers are located in the parenchyma on the abaxial side.
The internal structure, histology, cell size, and cell density are similar among the Q0646, m w Q0646, and wild-type (Fig. 4G-I) ; however, the sepals of mutants may be somewhat thicker than in the wild-type (Fig. 4G-I ). During the cutting procedure, the sepals of Q0646 and m w Q0646 were firmer and tougher than the wildtype. Additionally, in the m w Q0646 sepal, the number of branches with lateral bundles and laticifers is reduced and accompanies a decrease in organ width. Furthermore, the sepal margin of m w Q0646 is not acute in cross sections compared to the wild-type and Q0646.
Petals: The mesophyll of the petals is thicker in the middle lamina than in the lateral lamina of the wild-type and mutants. Furthermore, the laticifers are not conspicuous, and vascular bundles are located on the abaxial side of the petals in all three strains (Fig. 4G-I) ; however, the corollas of Q0646 and m w Q0646 are thicker than in the wild-type, likely due to a greater number of cell layers in the mesophyll (Fig. 4G-I) .
Stamen: The epidermis, endothecium, middle layer, tapetum, and connective of the anthers are very similar among the three strains, and the anthers dehisce normally at anthesis (Fig. 4J-L) . Pollen grains are also formed within all anthers of mutants ( Fig. 4L ) and have a normal structure. Cross sections of the LCT show vascular bundles of epipetalous stamens on the adaxial side of the corolla tube ( Fig. 4G-I ).
Gynoecium and disc: The surface of the capitate stigma is covered with stigmatic papillate cells in the wild-type, and the internal tissue consists of parenchyma cells (Fig. 5A) . The wild-type has a solid style filled with transmitting tissue that is continuously observed in the central part of the gynoecium through the receptacle surface in the ovary (Fig. 5C ). The upper part of the ovary is divided into three locules by the apical septa (Fig. 6C, 6E, 6G) ; however, the septa are not fused together in the center in the middle part of the ovary (Fig. 6I, 6K) . Instead, the ovary is partitioned into three locules by the transmitting tissue (Fig. 6I, 6K) , and the basal septa located below the placentas are fused again in the center of the ovary (Fig. 6M, 6O ). Although the placentation type is axial, it seems to be basal because the basal septa are very short (Fig. 7A, 7B) . Ovules are anatropous. The placental obturator is observed around the funicles and micropyles and is connected to the transmitting tissue (Fig. 6K-N) . The obturator tissue is very similar to the transmitting tissue in cell form and staining ( Fig. 6K-N) .
The internal structures and histology of the Q0646 gynoecium are the same as in the wild-type; however, m w Q0646 has noticeable structural defects in carpel fusion. The free tips of the styles in m w Q0646 have a few stigmatic cells on the surface (Fig. 5B) . Transmitting 375 tissue is retained on the adaxial surface of the carpel (Fig. 5D ), but the upper portion of the styles usually does not have transmitting tissue. The septa barely expand laterally in the middle to upper part of the ovary (Fig. 6D , 6F, 6H, 6J). Additionally, the septa in this region are not fused with the neighboring septa in many cases. Thus, the cross section of the middle part of the m w Q0646 ovary appears to be a hemisyncarpous gynoecium; that is, the septa of neighboring carpels are separate and do not form a common septum (Fig. 6J) . Furthermore, the transmitting tissue of the middle to upper ovary is defective or considerably reduced (Fig. 6D, 6F , 6H, 6J). Although m w Q0646 has significant defects, the mutual carpel fusion and internal structure in the basal part of the ovary are basically normal. The ovary wall, septa, placenta, and funicles are not affected (Figs. 6L, 6N , 6P, and 7b 4-6 ). Malformation of the overall ovule shape is frequently observed (Fig. 6F, 6H , 6J, 6L, 6N, 6P). These ovules are not arranged in an orderly manner in locules (Fig. 6J, 6L ) and sometimes stick out of the upper part of the ovary (Fig. 6F) ; however, in other m w Q0646 flowers, the unfused region of the upper ovary is so small that the ovules assume a proper shape and order within the ovary, as in the wildtype. The histology of m w Q0646 ovules is normal and the integument and embryo sac are normally formed.
Vasculature of the gynoecium: Young gynoecia were observed and drawn in a schematic diagram (Fig. 7) . Main vascular bundles of the wild-type gynoecium are composed of three primary dorsal strands (midveins) and three primary ventral strands (lateral veins) for three carpels (Figs. 6M and 7a) . The dorsal strands reach under the stigma after branching from the common vascular bundles of the floral organs. The ventral strand can be regarded as a common strand of the neighboring carpels (Fig. 7a) . The ventral strands seem to be supplied directly from the vascular bundles in the receptacle, and then send their branches out to the ovules. The branches divide again in the basal septum and run through the placenta and the funicles, reaching into three pairs of ovules (Fig. 7a) . The primary ventral strands reach above the ovary.
The gynoecium vasculature of Q0646 is similar to the wild-type; however, in m w Q0646, each of the three styles has a dorsal strand (Figs. 6D and 7b) . The dorsal strands and vascular bundles of the ovules do not demonstrate is oriented upward. l, laticifer; LCT, lower corolla tube; p, pollen grain; peb, petal bundle; se, sepal; stb, stamen bundle; sty, style. Scale bar = 100 μm.
any abnormality (Fig. 7b) ; however, the primary ventral strands appear to be partially peculiar. The three primary ventral strands divide again into two strands in the hemisyncarpous region (Fig. 7b) . Each of the free carpels of the m w Q0646 ovary has two lateral ventral strands (Fig. 7b) , and congenital fusion of the ventral strands is spoiled.
Discussion
Morphology of the lateral organs of the wild-type
Various I. nil mutants have been recently investigated using molecular genetic approaches (Cho et al., 2005; Iwasaki and Nitasaka, 2006; Suzuki et al., 2003) . Such information may contribute to understanding the morphology and development of the wild-type and mutants of this plant; however, detailed morphological studies, especially anatomical views, are not sufficient, even in the wild-type. The present study provides this level of detail and contributes to fundamental knowledge about the morphology of comprehensive lateral organs. This information also serves as a standard to be used in other morphological and developmental studies in various I. nil mutants. The external morphology and venation of the leaf, sepal, and petal of the wild-type reported in this study are consistent with those of Nishino (1976) in the Violet strain. In this study, we contributed new information on the morphology of the stamen and gynoecium and the internal structure of all lateral organs. The internal features of the anthers and ovaries basically coincide with the description of other species of Convolvulaceae (Johri et al., 1992) .
Since the gynoecium is markedly transformed in m w Q0646, the internal structure of the ovary was described in great detail. The normal ovary is partitioned into three locules by septum tissue and transmitting tissue. This partition can be subdivided into three parts by its morphological nature. The partition of the upper ovary is the apical septum filled with transmitting tissue in the center. The term 'apical septum' was defined by Hartl (1962) and Weberling (1989) . In the wild-type, the apical septum is a continuous structure that projects into the ovary, and in the cross section is a completely syncarpous partition. The middle part of the ovary shows that the septa are not fused in the cross section. Consequently, the ovary of this region is considered a symplicate zone (Weberling, 1989) . The basal part of the partition is only composed of the septa without transmitting tissue, and is considered a synascidiate zone (Weberling, 1989) . In an anatomical study of Cuscuta, which belongs to the same family as Ipomoea, Govil and Lavania (1980) showed that although the placenta is slightly raised from the floor of the ovary and placentation is anatomically axile (Puri, 1951) , it appears to be leading to parietal placentation. If the transmitting tissue does not fully develop in I. nil, its placentation may also be parietal.
Morphology of the lateral organs of m w
Q0646
Although many people are fascinated by the various morphological mutants of I. nil, they are usually only interested in peculiar external forms of the leaves and corollas. This study is the first attempt to describe the comprehensive morphology of all lateral organs of Q0646 and m w Q0646. Effects of the sc gene: In both mutants, Q0646 and m w Q0646, the area of intercellular spaces of leaves is smaller than in the wild-type, and the number of cell layers is greater in the spongy tissue of the mutants, resulting in slightly thicker leaf lamina. Similar histological phenotypes are also seen in the sepals and corollas. Hagiwara (1924) and Imai (1930a) described that sc mutants have somewhat thick leaves, corollas and brittle leaves, and all organs are somewhat contracted. In the present study, these phenotypes seem to be caused by an increase in the cell layer or cell density in the lateral organs, although statistical analyses were not performed. In addition, the cm is reported as a mutational gene that caused a somewhat crumpled leaf (Imai, 1931) , and other effects of cm on leaf form have not been reported, except in the feathered mutant. The combination of crumpled and feathered results in the formation of tightly rolled leaves (Imai, 1931; Iwasaki and Nitasaka, 2006) ; therefore, in Q0646 and m w Q0646, the increased cell layer and density of the lateral organ mesophyll and shorter and somewhat contracted laminas of the leaf and sepal are probably due to the sc gene. In this study using the Q0646 multiple mutant, however, the possibility that cm and/or unknown mutational genes result in the increased thickness and density of the , only the width of the lateral organs is reduced through a decreased number of cells. It was clear that the leaf and sepal laminas and the lateral laminas of the upper corolla are strikingly reduced in this strain. Leaf axial parts (petiole and midrib) are originally derived from the leaf apical meristem, and the laminar regions are derived from the marginal meristem and its derivatives of the leaf primordium (Esau, 1977) ; therefore, it is likely that the m w mutation interferes with the activity of the marginal meristem and its derivatives, but not with the growth (1 and 2) and (1' and 2') are pairs of ovules in one locule respectively. Ovule (1) and (2) show normal arrangement, but (1') falls onto (2'). as, apical septum; ct, calyx tube; d, disk; LCT, lower corolla tube; mi, micropyle; ob, obturator; ov, ovule; peb, petal bundle; se, sepal; sep, septum; stb, stamen bundle; sty, style; tm, transmitting tissue. Scale bar = 100 μm.
derived from the leaf apical meristem in the leaf primordium. To clarify whether such a developmental defect actually occurs in young leaves, sepals, and petals, ontogenetic studies are needed.
Sterility of m w flowers: Anthers of m w Q0646 can be small, but the layered tissues of the pollen sac and pollen grains are always normal. The m w mutant is a femalesterile strain, except in rare cases (Imai, 1930a) , but the ovules of m w Q0646 have normal embryo sacs and other surrounding tissues. Consequently, female sterility is likely caused by abnormally naked ovules in the incompletely enclosed ovary wall, separate stigmas and styles, or insufficient stigmatic and transmitting tissues.
Homologous parts among organs due to pleiotropism
A recent molecular genetic study on the feathered (fe) mutant of I. nil (Iwasaki and Nitasaka, 2006) reported that a single mutation in the FE gene causes a pleiotropic phenotype. In this case, leaf and flower morphology is greatly affected by the enhancer gene of crumpled in leaves or modifier of flower phenotype in flowers. In the fe mutant, a single gene mutation seems to affect the abaxial identity of all lateral organs. As mentioned above, the deficiency of the laminar regions in the leaf blades, sepals, and petals in m w Q0646 may also involve a defective marginal meristem. Such similar phenomena suggest a homologous relationship derived from corresponding developmental processes. Moreover, it is possible that the deficiency in the laminar parts is expressed as small anther size in the stamen and defective expansion of the upper septum in the gynoecium. Conversely, the axial part of the lateral organs may include the petioles, midribs of leaves and sepals, middle laminas of the corolla, and filaments and connectives of the stamen. It is novel to refer to the homology of leaf and floral organs with regard to a pleiotropic mutation. Although mature lateral organs were compared in this study, developmental studies are also needed to evaluate their regional and ontogenetic homology.
Incomplete organ fusion in the m w mutant
In the present study, we confirmed that the m w mutation not only reduces the width of lateral organs, but also results in abnormal organ fusion in the calyx, corolla, and gynoecium. The defect is especially prominent in the corolla and gynoecium. A defect in petal fusion was always observed in the UCT. The LCT can be distinguished from the UCT by adnation between the stamens and petals (Nishino, 1983; Erbar, 1991) . Developmental processes in the LCT may be fundamentally distinct from the upper, so the LCT is not affected by m w Q0646. For sympetalous corollas, the UCT was formed by the combination of the initiated petal primordia and their interprimordial regions (Nishino, 1976 (Nishino, , 1983 . Furthermore, growth in the interprimordial region initially developed from the activity of the interprimordial meristem, which resembles the marginal meristem of the corolla lobes (Nishino, 1976) . If the interprimordial meristem is initially derived from laterally extended marginal meristems of the lateral organs, this corresponds to the result that the m w mutation decreases both organ width and the fusion event.
The present study also described the detailed morphology of the abnormal gynoecium with incomplete carpel fusion. This morphological information is the foundation of developmental study of the syncarpous gynoecium of I. nil. Similarly to corolla development, the fusion event in the gynoecium may also be subdivided by developmental processes, since the abnormality was consistently observed between the upper part of the ovary and stigma and not in the lower portion of the ovary. In fact, our companion study in I. nil demonstrated that the lower portion of the ovary wall may be formed by ringlike zonal growth and the upper portion of the gynoecium may develop from the collaboration of carpel-primordia and interprimordial growth (unpublished data). In addition, formation of the hemisyncarpous region in m w Q0646 suggests that the septum of I. nil is a compound structure and was originally formed by neighboring carpel fusion.
In order to clarify the ontogenetic origins of the compound organs in plants, comparative studies on their ontogeny or the pattern of gene expression are significant in both the m w mutant and wild-type strains. 
